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ABSTRACT
B ila te ra l  e le c t r o ly t ic  le s io n s  were induced in  the hypothalamus 
of 100 sexually  mature female golden hamsters by the s te re o ta x ic  technique. 
Of twenty-two anim als w ith sym m etrically b i la t e r a l  le s io n s  located  In a 
trig o n e  ’bounded by the n u c le i l a t e r a l i s ,  ventrom edialis pars l a t e r a l i s ,  
and sup raop tlcu s, 19 refused to  mate and 9 to le ra te d  h u n t in g  by normal 
males when paired  on a t le a s t  th ree  successive occasions when vaginal 
smears in d ica tiv e  of eatrug  obtained* Lesions as small as 0*072 cubic 
m illim e te rs  were e ffe c tiv e  in  in h ib itin g  lo rd o s is  when placed in  th is  
c r i t i c a l  area* Lesions placed asym m etrically In the two sidles o f the 
hypothalamus, or sym m etrically b i l a t e r a l  le s io n s  in  o ther a reas fa ile d  
to  in h ib i t  psychic estru s*
v
mEQDucncm
The hypothalamus occupies an a rea  v e n tra l to  the thalamus and
foxtns the f lo o r  and l a t e r a l  w all of the th ird  v e n tr ic le  between the op tic
cfclasma and the mammillary bod ies. I t  has been of in te r e s t  to  the mor­
p h o lo g is t and neurophysio log ist fo r a number of years* This area  has been 
designated  as one of the most im portant cen ters in  the b ra in  stem con­
t r o l l in g  the v i t a l  phenomena of the organism* Horphologio and physio log ic  
s tu d ie s  of the reg ion  have been reported  fo r a number of v e rte b ra te s  from 
f is h  to  man*
Of the morphologio s tu d ie s  of the hypothalamus of mammals» two
have been of p a r t ic u la r  s ig n ifican ce  in  the p resen t in v e s tig a tio n .
Gurdjian (1927) published the r e s u l t  of an extensive study of the morpholo­
gy of the diencephalon of the ra t?  and th is  study had been supplemented 
and extended by Xrieg (1932) w ith resp ec t to the hypothalamus of th a t 
animal* Huch of the terminology of Gurdjian was re ta ined  by Krieg in the 
l a t t e r 's  d e sc r ip tio n  of hypothalamic nuclear p a tte rn s  and f ib e r  connections* 
and many of G u rd jian 's  in te rp re ta t io n s  were sustained* The term inology 
employed in  the p resen t paper is  the same as th a t of Krieg* to whose work 
reference w il l  be made throughout the present discussion*
Auer (1951) discussed the development of the hypothalamus and 
c e l l  m igration  from the preoptic*  supraoptic* infundibular* and mammillary 
areas of the hypothalamus of the golden hamster* From a study of fe ta l*  
young and adu lt b ra in s Auer observed th a t during ontogenesis there  is  
ac tive  m igration of c e l ls  from a more medial o rig in  near the th ird  v e n tr i­
cle  to  th e i r  u ltim ate  position* Basing her observation© on the h is to lo g i­
c a l exam ination of one adu lt brain* Auer concluded th a t the hypothalamus
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of the ad u lt hamster* undescribed u n t i l  th a t time*, was in  many resp ec ts  
a im ila r  to  th a t  o f o ther roden ts Including the ra t*  These conclusions have 
te e n  susta ined  by the p resen t in v e s tig a tio n  based on examination and study 
of more than  one hundred hypothalami*
Several experim ents designed to  determ ine the ro le  of the 
p e rip h e ra l nerve supply to  the g e n ita l  organs on mating and the es tro u s  
cycle have been reported* Sweet and Thorp(1929) excised the lower sympa­
th e t ic  trunks from both s id es  of th e i r  experim ental o a ts  and noted th a t 
the cycles were prolonged in  only a few of th e i r  experim ental animals and 
p ro longation  of the cycle a lso  secured in  some of the co n tro ls  which were 
sham operated* Baoq (1931) noted no im portant changes in  the e s tro u s  cycle 
of the  r a t  a f te r  removal of both abdominal sym pathetic trunks* or of the 
superio r m esenteric plexus* or of both combined* Be s ta te d  that*  although 
there  i s  no apparent change in  the  mating behavior* conception* and de­
livery*  normal m ilk se c re tio n  does not occur follow ing p a r tu r i t io n  a f te r  
sympathectony* So m odifica tion  of behavior a ttend ing  Induced e s tru s  in 
the ca t was noted by Bard (1935) a f te r  abdominal sympathectomy* removal 
o f the u te r i  o r proximal vagina e i th e r  s in g ly  o r in  combination* Lower 
abdominal sympathectomy apparen tly  has no e f fe c t  on the recurrence of the 
estrous cycle o f the c a t or ra t*  Bard noted* however* that*  a f te r  removnl 
of the sa c ra l  cord in  combination w ith  abdominal synpathectomy* the 
animals allowed the males to  mount but showed no trace  of response to  
s tim u la tio n  by the pen is and no a f te r  reaction*
Maes (1939) obtained e s tru a l  responses in  c a ts  s ix  hours a f te r  
complete tra n se c tio n  of the sp in a l cord a t  the lev e l of the f i r s t  c e rv ic a l 
segment* He s ta te d  th a t a hypo thetica l sex cen ter should be accepted w ith 
caution*
Permanent impotence in  male guinea p ig s was accomplished by 
Bacq (1931) by removal of the hypogastric nerves and in fe r io r  m esenteric 
ganglia* Severance of the hypogastric nerves alone re su lte d  in  e re c tio n  
but no e jacu la tio n *  E rection  and e ja c u la tio n  were e l ic i te d  w ith in  7 
m inutes a f t e r  couplete tra n se c tio n  of the cord between Tl£ and 11* Boot 
and Bard (1937) rep o rt th a t e re c tio n  in  the ca t was not abolished a f te r  
s e c tio n  o f the  lumbo~e a c ra l  cord , but was elim inated a f te r  complete 
e x tirp a t io n  of abdominal chains or by in fe r io r  m esenteric ganglion*atomy 
alone*
One means o f determ ining the function  of the n u c le i of the 
b ra in  stem i s  the use of e le c t r o ly t ic  lesions*  D estruction  of these inner 
masses w ithout d e s tru c tio n  of c o r t ic a l  a reas was accomplished by Horsley 
and Clarice (1906) who designed and used a s te re o ta x ic  instrum ent in  a 
study o f the cerebellum  of the cat* With th is  instrum ent p re c is io n  in  
study of these c e n tra l a reas was introduced* The o r ig in a l model, operated 
on a s e r ie s  o f r e c t i l in e a r  coordinates* was q u ite  r ig id  and the e lec tro d es  
used consisted  of w ires in se rted  in to  f in e  g lass  c a p illa ry  tubes* In i t s  
o r ig in a l  form, the f i r s t  model of th is  Instrum ent was not e n tir e ly  
s a t is fa c to ry  fo r  c r i t i c a l  work* The instrum ent was fu l ly  described and 
i t s  use was explained by these authors* M odifloations and use of th is  
instrum ent fo r more e f f ic ie n t  placement o f le s io n s  have been discussed by 
Hanson (1934), H arrison (1936), Clark (1940) am  W aller (1944)* Brown and 
Henry 1934) were able to  produce d is c re te  e le c t ro ly t ic  le s io n s  by stimu**
1 a t ion w ith  cu rren ts  of a frequency of 3 X 10** cycles per second* A type 
of s te re o ta x ic  Instrument was used to  iw noblllae the head of the animal* 
They s ta te d  th a t accurate  co n tro l over the amount of d e s tru c tio n  could be 
exercised*
Gther methods have been devised fo r p lac ing  d isc re te  lesion® in  
the in te r io r  of the b ra in  and sp in a l cord# Warner (1929) su ccessfu lly  
placed le s io n s  in  the hypothalamus of two guinea p igs by enuclea tion  of 
the r ig h t  eyeba ll and in s e r tio n  of a needle through the opt la  foramen# A 
s im ila r  approach was used by O runstein (1930). A pplication of heat e x tra -  
c ra n ia l ly  produced rounded c o r t ic a l  le s io n s  2 m illim ete rs in  diam eter in  
r a ts  (Dennis and Bolton, 1935)# Suboortical le s io n s  w ithout d e s tru c tio n  
to  overly ing  t is s u e  was impossible by th is  method# Hypothalamic le s io n s  
hare a lso  been produced by I r r i t a t i o n  from the p ressure  of mercury In the 
th ird  v e n tr ic le ,  and by p a r t i a l  d e s tru c tio n  by e le c t r i c a l  cautery  employed 
in  combination (K rieg, 1936)# Borison and Wang (1951) have been successfu l 
in  p lac ing  le s io n s  of c o n tro lla b le  siae  in  the medulla of the macaque 
monkey by im plan tation  of gold and g lass  radon "seeds” in to  the d o rsa l 
p o rtio n  o f the  r e t ic u la r  formation*
Carpenter and W hittie r (1962) summarised the various methods 
used and concluded by a c tu a l experiment th a t  un ipo lar anode le s io n s  pro­
duced by d ire c t  cu rren t using the s te re o ta x ic  technique is  the b e s t method 
fo r  producing lo c a lise d  su b o o rtica l le s io n s  In experim ental animals# The 
s te re o ta x ic  instrum ent ueed by them was a  s te re o ta x ic  micromanipulator* 
Id e n tif ic a t io n  of neura l c en te rs  a ffe c tin g  reproductive phe­
nomena has been approached from severa l aspects# The ce reb ra l co rtex  has 
been subjeoted to  in ten siv e  investigation#  Bard (1936) found th a t a  female 
ca t in  which a l l  o f the  neooortex had been removed entered spontaneously 
in to  e s tru s  on two occasions during the tw enty-eight months of su rv ival*  
A fter th ree  ad d itio n a l cases had occured he concluded th a t fe lin e  e e tru a l 
behavior i s  not dependent upon the ce reb ra l cortex* Pseudopregnanoy has 
been e l i c i t e d  in  r a t s  follow ing b i la t e r a l  ab la tio n  of the neocortex
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{Davis, 1939)* The du ra tio n  of th is  cond ition  was the same as in  normal 
fem ales, hut the phenomenon was more d i f f i c u l t  to  induce® Sstrous cyc les , 
s a t in g ,  pregnancy, and d e liv e ry  were not in te rru p te d , although m aternal 
behavior seemed to  have been lost® stone (1938) destroyed the neooortex 
of r a t s  by e le c tro -c a u te ry  and concluded th a t le s io n s involving approxi­
m ately 40$ of the co rtex  or more are much more d is ru p tiv e  of m aternal 
behavior than of b reeding , p la c e n ta tio n , g e s ta tio n , and p a r tu r i t io n ,  'That 
sense organs played l i t t l e  ro le  in  inducing mating a c t iv i ty  of the ra b b it 
was e s tab lish ed  by Brooks (1937)« D estruction  of the o lfa c to ry , v isu a l and 
aud ito ry  senses had no e f fe c t  on the sexual a c t iv i ty  of e i th e r  males or 
fem ales; and the behavior of animals deprived of a l l  th ree  senses was 
likew ise  not a ffe c te d . A blation of the o lfac to ry  bulbs and of the neo- 
eo rte z  as w ell abolished  mating in  both sexes, Removal of the e n tire  fo re ­
b ra in , diencephalon, mesencephalic tectum , cerebellum  and the a n te r io r  
edge of the mesencephalic tegmentum did not a f fe c t  the e jacu la to ry  response 
of male Rana n lp len a , although invasions of the  p o s te r io r  tegmentum re ­
su lte d  in  c o l l a t e  lo ss  of these  re f le x es  (Aronson and Noble, 1942), 
However, d e s tru c tio n  of the p reo p tic  a rea  of the fo reb ra in  resu lted  in  
the  f a i lu re  o f the male to  c la sp  the female whereas d e s tru c tio n  of the 
fo reb ra in  except the p reo p tlc  a rea  re su lte d  in  no observable changes in  
the mating p a tte rn .
The fin d in g s of Beach (1940) are in  disagreement w ith  those of 
o ther au thors w ith  reference  to  the importance of the c e reb ra l co rtex  in  
mating i# h a v lo r . By e le c tro -c a u te ry  he destroyed varying amounts of the 
co rtex  in  sexually  mature male r a t s .  Removal of le ss  than 20 per oent of 
the neocortex did not ab o lish  oopulatory behavior; but removal of SO to  
75 per oent re su lte d  in  non-copulation in  m ales, Be s ta te d  th a t the p e r-
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cent age of the non-copulatora was d ire c tly  p ro p o rtio n a l to  the s ize  of the 
lesions*
D irec t s tim u la tio n  or d e s tru c tio n  of the hypothalamic a rea  or 
p a r te  th e re o f  has re su lte d  in  a ltera tion®  in  the normal mating p a tte rn  of 
va rious animals* Using b ip o la r  e lec tro d es  in se rted  B m illim eters below the 
thalamus Haterius and D erbyshire (198?) were able to induce ovu lation  and 
to  evoke slowly developing fle x io n  of the hind limb® and p e lv is  of the 
cat* Although areas stim ulated  were not defined in  th is  re p o r t .  I t  appears 
that the stim ula ted  a rea  was q u ite  large* These authors a t t r ib u te d  the 
response to  s tim u la tio n  of an a rea  d ir e c t ly  above and a n te r io r  to  the 
o p tic  chiasma* Brookhart, Dey and Hanson (1940), using ovariestom lsed 
guinea p ig s in jec ted  w ith  p reopera tive  doses of estrogen  and progesterone, 
placed le s io n s  a t  the le v e l  o f the p o s te r io r  border o f the o p tic  chiasma* 
A ll animals fa i le d  to e x h ib it p roestrous and e stro u s behavior* The same 
r e s u l ts  were obtained when double and quadruple doses o f hormones were 
adm inistered to  a sm aller group of experim ental animals* These authors 
in te rp re te d  the absence of e s tro u s  behavior not as a r e s u l t  of the lack  
of ovarian hormones, but ra th e r  as a  r e s u l t  o f the d e s tru c tio n  of the 
p a r t  o f the c e n tra l  nervous system responsib le  fo r  complex behavioral 
p a tterns*  Lesions placed in  the hypothalamus of the guinea p ig  before 
mating and during pregnancy were reported  by Dey, F ish er, Berry and 
Hanson (1940)* Large le s io n s  were placed in  the v e n tra l  a rea  of the hypo­
thalamus between the o p tic  chiasms and the p i tu i ta ry  sta lk*  D espite the 
f a c t  th a t  only 23 per cent of the females became pregnant a f te r  mating 
while the remaining 77 per cent became s t e r i l e ,  normal cycles were main­
ta in ed  by these animals ( in d ic a tin g  no in te rru p tio n  of p i tu i ta r y  fu n c tio n ). 
Dey (1941) divided h is postoperative  guinea p igs w ith hypothalam ic le s io n s
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in to  th ree  groups as determined by the  condition  of the vag inal membrane*
Be noted th a t  one group remained cyclic* whereas o thers presented perma­
n en tly  open o r closed  vag inal membranes* In the group showing no change 
In the  c y c lic  nature of the vag inal smears he noted th a t  the les io n s 
placed in  the hypothalamus were widely sca tte red  and d iffe red  in  else*
The les io n s were always r o s t r a l  to  the m&rsnillary bodies and w ith in  the 
substance of the hypothalamus* In those animals in  which the vag inal 
membranes were permanently open the le s io n s  were s ta te d  as being located 
between the  o p tic  ohiasma and the median eminence* The th ird  group ex­
hib itin g  permanently closed  membranes had le s io n s  in  the hypothalamus 
from the r o s t r a l  end of the median eminence to  the premammillary complex* 
The Horsley-Clarke s te re o ta x ic  instrum ent was used by Brookhart* 
Dey and Hanson (1941) to  p lace le s io n s  in  the a n te r io r  hypothalamus of 
guinea p igs to  determine the e f fe c t  of such d e s tru c tio n  on the mating 
behavior of these animals* A fter a cu rren t o f 3 mi11lamps had been em­
ployed for SO seconds mating was abolished* The e lse  of the les io n s  in­
duced by these authors was not s ta te d  but i t  is  assumed th a t they were of 
considerable size*  They s ta te d  th a t  the c e n tra l mechanisms fo r e s tru a l  
behavior must be located somewhere in  the p reo p tic  or se p ta l areas* To 
t e s t  the e fficacy  of le s io n s  in  the hypothalamus of male guinea p igs in 
abo lish ing  sexual excitem ent Brookhart and Dey (1941) placed le s io n s  w ith 
the  use of un ipo lar e le c tro d es  and the Horsley-Clarke instrument* They 
used the presence or absence of pregnancy in a female paired w ith  the p o st­
opera tive  male as the c r i te r io n  in  a sce rta in in g  mating a c t iv i ty  of the 
males* Since m otile sperm and evidence of spermatogenesis were found* 
these authors concluded th a t no gonadotrophic cen te r had been affected*
Two o f the nine males exh ib ited  normal sexual behavior while but th ree
pregnancies were reported  front p a ir in g s  o f the other seven animals * While 
the r e s u l ts  demonstrated here are not profound, they in d ica te  th a t  the 
males w ith  le s io n s  in  the  v e n tra l  hypothalamus between the o p tic  ohiasma 
and the p i tu i ta r y  stalls: p resen t reduced or absent sexual a c tiv ity *  Using 
the Horeley-Clarks s te re o ta x ic  instrum ent w ithout success, Clark: (1042) 
placed le s io n s  w ith  a sm all d en ta l sp a tu la  and found th a t eopulatory  be­
havior was absent in  sev era l male r a t s  w ith  le s io n s  near the m idline ad­
jac en t to  the th ird  v e n tr ic le *  Bard (1940), in  a  good review of the 
l i t e r a tu r e  to  th a t  d a te , reported a paper by Bans on (1954) in  which the 
l a t t e r  author s ta te d  th a t oa ts  w ith large  le s io n s  in  the tuber oinereum, 
and l a t e r a l  to  and behind the infund ibuluzn mated, gave b i r th  to  fu ll*  
sized  l i t t e r s  and nursed and cared fo r th e ir  young* Bard a lso  reported 
unfinished research  which he and Dr* H« W» Magoun had undertaken* Only 
a  few cases were reported  and the w r ite r  was unable to  find reference  to  
any published a r t i c le  in  the l i te ra tu re *  R e la tive ly  gross le s io n s  as 
evidenced by s e r i a l  photographs of the hypothalamus taken a t 1 m illim ete r 
in te rv a ls  prevented e s tru a l  behavior* Lesions o f large  s ice  are o f l i t t l e  
value In  a t t e s t i n g  to lo c a liz e  sp e c if ic  areas responsib le  fo r  mating 
phenomena*
The c y c lic  nature of the reproductive phenomena in  female guinea 
p ig s i s ,  according to  Dey (1943), under the con tro l of the median eminence* 
Acyclic cond itions re su lte d  follow ing d e s tru c tio n  of the median eminence 
w ith  th ree  le s io n s  in  the same animal* Animals w ith les ions s l ig h tly  
r o s t r a l  or caudal to  the median eminence or d e s tru c tio n  of only a  small 
a rea  of the eminence had no e ffe c t  on the cy c lic  phenomena, m ating, or 
conception* Large les io n s in  the a n te r io r  hyp°^hal jai®i0 of the female 
guinea p ig  resu lted  in  a condition  of constant ea tru s  (Dey, 1943)* Attempt®
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to  induce ovu la tion  in  these animals by in fec tio n  of copper a ce ta te  in to  
the ju g u la r vein* th ird  v e n tr ic le  and p i tu i ta r y  were w ithout success*
A p o ss ib le  f a c i l t t a t i v e  e f fe c t  of progesterone on the b ra in  
stem was suggested by the experiments o f Kent and Liberman (1949)* Follow­
ing in je c tio n  of progesterone Into the l a te r a l  b ra in  v e n tr ic le  of o v a ri-  
eetomized golden hamsters in amounts much too small to  induce mating by 
the auboutaneous ro u te , animals mated w ith in  one hour or less*  and In 
f iv e  out o f s ix  t r i a l s  they mated w ith in  ten  minutes* These authors con­
cluded th a t  progesterone may a f fe c t  one or more b ra in  cen ters  causing the 
female to  e n te r  the physio log ic  and psychologic s ta te  known as psychic 
eatrus*  The find ings of these authors was the stim ulus fo r the p resen t 
study* the purpose of which has been to  loca te  an a rea  in  the hypothalamus 
which* when destroyed by sm all b i la te r a l ly  symmetrical e le c t ro ly t ic  lesions*  
w i l l  reduce or ab o lish  the mating responses of the female hamster*
MATERIALS JHD METHODS
One hundred female golden banisters weighing from 78 to  116 
grams were used in  the p resen t investigation*  These animals were of the 
L*S*U* s t r a in  m aintained by the Department of Zoology, Physiology and 
Entomology a t  Louisiana S ta te  University* Of th ese , e ig h ty -s ix  were 
v irg in  females 73 to  ZZZ days of age a t the time of placement of the 
le s io n s ; nine were prim iparous or m ultiparoua females of uncerta in  age? 
and fiv e  were normal oyolio  anim als of unknown history* All animals were 
sexually  mature and had exh ib ited  a t le a s t  th ree  consecutive estrous 
cycles p r io r  to  placement o f the lesions*
The weight of each animal to the n eares t 0*5 gram was recorded 
d a ily  from the f i r s t  day the animals were segregated u n t i l  the completion 
of the experiment* For convenience, weighing preceded the making of 
vag inal smears*
A fter an animal was segregated fo r the exx>eriment* vaginal 
smears were made fo r twelve days th e re a f te r ,  or u n t i l  th ree  estro u s 
smears were recorded to  determine whether or not a  c y c lic  condition  ob­
tained* At the time th a t the animal presented a vag inal smear in d ic a tiv e  
of e s t ru s ,  a male was placed in  the cage and the time required  fo r the 
female to  ex h ib it lo rd o sis  was recorded so th a t comparisons could l a te r  
be made w ith the mating response of th is  animal a f te r  le s io n s  were placed* 
In 67 cases the females were allowed to  mate w ith a vasectomlsed male^ 
a t  the fo u rth  eatrus*  I t  was not known whether the e x h ib itio n  of lo rd o sis
^■Operation fo r  vasectomy was by double l ig a tio n  of the vase 
d e fe re n tia  and tran sec tio n  between the lig a tu res*
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alone could be used as a c r i te r io n  fo r establishm ent of w illin g n ess  to  
mate* In a l l  l a t e r  cases e x h ib itio n  of lo rd o s is  alone was considered as 
In d ica tiv e  o f w illin g n ess  to  mate*
Following term ina tion  of pseudopregnancy in  those animals a l ­
lowed to  mate w ith  a s t e r i l e  male, vag inal smears were made fo r  twelve 
days or u n t i l  th ree  e stro u s smear® had been observed to  determine whether 
or not the female had returned  to  a c y c lic  condition*
M odification o f the Horaley-Clarte 8tereotaalo Instrument
The H orsley-Clarke s te re o ta x ic  instrum ent o r ig in a lly  designed 
for use on the ca t was used In  the p resen t Investigation* In th is  study 
ear bars designed fo r the c a t were used, although the ear plugs form erly 
used were dispensed with* The two clamps designed fo r the p a r ie ta l  region 
of the sk u ll of the c a t and those designed fo r  beneath the o rb its  of the 
cat were replaced by an upper head p la te  and lower head p la te  resp ec tiv e ly  
(Figure 2)*
The upper and lower head p la te s  were constructed  from sheets of 
aluminum a llo y  2 m illim ete rs  th ic k . Before a p a tte rn  was made, from which 
to  copy the f in a l  m od ifica tions, the p o in ts  of attachment to  the in s tru ­
ment o f the p a r ie ta l  and o rb i ta l  bars fo r the oat were separated as fa r  
la te ra d  as possib le*
The upper head n la te  consisted  of a rin g  6 m illim eters wide 
w ith an Inside diam eter of 17 m illim e te rs . The diagonal supports were 
attached  to the Instrument by two cap screws in serted  through two holes 
(Figure ZA9 A and A*) and in to  those provided on the instrument fo r a t­
tachment o f the p a r ie ta l  b a rs , The d latanoe between these holes was 42 
m illim e te rs . There was no movement of th is  p la te  in  a l a te r a l  d irec tio n *
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The lower bead p la te  (Figure SB) consisted  of a  S6 X 26 m il l i ­
m eter square p la te*  The diagonal supports of th is  p la te  were a ttached to 
the instrum ent by two v e r t ic a l  columns (Figure 20* B and B*) 4 m illim eters 
In diameter* These columns* 53*6 m illim eters a p a r t , were f i t t e d  snugly but 
e a s i ly  in to  the holes provided ca the instrum ent fo r attachm ent of the 
o r b i ta l  bars ( fo r  use on the oat)*  i s  in  the case of the upper head p la te ,  
no l a t e r a l  movement o f th is  p la te  was observed*
$o prevent p ressu re  on the larynx a small p o rtio n  (Figure SB* X), 
7 X 9  m illim e te rs  was removed from the re a r  edge of the lower head p late*  
The lower e lec tro d e  c a r r ie r  which was o r ig in a lly  used on the 
instrum ent gave s a t is fa c to ry  r e s u l ts  when, as In most cases* the 22 gauge 
e lec trode  was usedg but when the 28 gauge e lec tro d e  was used* as in  some 
of the cases* there  ex is ted  a large  a rea  through which the sm aller wire 
could be moved in  any d irec tio n *  By using a sm all sleeve of g lass  tubing 
9 m illim e te rs  long the diam eter was reduced to  th a t which ju s t  enabled 
the sm aller e lec tro d e  to  pass through* This sleeve was obtained by heating 
a p o rtio n  o f la rg e r  diam eter so f t  g la ss  tubing and p u llin g  the ends apart* 
The ends o f the sleeve were burnished to prevent possib le  displacem ent of 
the  in su la tin g  m ate ria l on the e lec tro d es as the l a t t e r  were ra ised  and 
lowered* This sleeve was securely  f i t t e d  in to  p o s itio n  on the lower 
e lec trode  c a r r ie r  by gen tle  tapp ing .
Preparation j&£
Unipolar e lec tro d es used in the f>resent in v es tig a tio n  were 
constructed  of niehrom©2 w*re b&8 gauge 22 and 26* Approximately t b i r t y -
2j>rlver~Harris Company * Harrison* 2?ew Jersey
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s ix  inch segments of the  wire were taken from the spool and stra igh tened  
by trac tio n #  With wire of th is  leng th , an increase in  leng th  of approxi- 
xnately one-ha lf inch was s u f f ic ie n t  to  render the wire s tr a ig h t  w ith  no 
appreciab le  lo ss  of te n s ile  strength#  All e lec tro d es penetra ted  the dura 
m ater w ithout bending#
Following s tra ig h te n in g , the wire was cut in to  BB centim eter 
lengths# One end of the wire was sharpened under a b inocu lar d isse c tin g  
microscope, using a  d en ta l d r i l l  w ith  an emery wheel attachment* The 
electrodes were then dipped in to  a narrow tube contain ing  polystyrene 
c o il  dope and were then in se rted  in to  a large  cork and allowed to  dry,
(The fine wire enamel w ith a china-wood o i l  base used by Finns on (1934) 
was not a v a ilab le# ) Although the in su la tin g  p la s t ic  used in  the p resen t 
study was s a t is f a c to ry ,  subsequent in v es tig a tio n  w ill  be made w ith a 
d if f e re n t  m a te r ia l. When the e lec tro d es  were dry (a f te r  48 hours) a  second 
ooat was applied  in  the same manner# Completed e lec tro d es  were stored  in  
a wooden thermometer case to  p ro te c t them from dust and bending#
F ina l p rep a ra tio n  of the e lec tro d es involved removal of the 
in su la tin g  m a te ria l from the sharpened tip s#  This was accomplished w ith 
the aid  o f a b inocu lar d isse c tin g  microscope, a d en ta l d r i l l ,  and an 
ea»ry wheel attachment# la  the case of the ZB gauge e le c tro d e s , approxi­
mately th re e -fo u rth s  m illim ete r of the t ip  was exposed% in  the case of 
the 28 gauge e le c tro d e s , approximately one-half m illim eter was exposed*
Operation o£ Jntaala and i'laosment o t Lea lone
j ta e d la te ly  preceding operation  the animals were weighed to  the 
n ea rest 0*5 gram# During previous experim ents, the author had found th a t
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the  average dosage of B&iributal3 required  to  an aesth e tize  these animals 
was 80-100 m illigram s/kilogram  body weight in tra p e r lto n e a lly  adm inistered* 
This i s  in  agreement w ith  the find ings of Grland and Or land (1946) who 
s ta te d  th a t 80 mg/kg body weight was the  average dosage required to  
a n ae s th e tise  fo r  one hour*
A fter the animals were immobilized* the h a ir  from the do rsa l 
p o rtio n  o f the head was removed w ith sc isso rs*  This a rea  included a l l  of 
the d o rsa l reg ion  of the head between the eyes from a lin e  one centim eter 
a n te r io r  to  the cephalic  edge of the pa lpeb ra l f is su re  to  one cen tim eter 
p o s te r io r  to  the ears* All of the longer h a irs  around the ear® were re ­
moved*
An in c is io n  was made in  the m idline dor s a l ly  from the lev e l o f 
the cephalic  edge of the pa lpeb ra l f is su re  caudad fo r 15 m illim eters*  
Removal o f the exposed g a lea  aponeurotica was accomplished by scraping 
w ith a  sharp scalpel*  Any remnant of the aponeurosis remaining on the 
sk u ll a t  the s i t e  of tre p ln a tio n  re su lte d  in  engagement of the den ta l 
burrs*
Following th is  operation* the animals were ad justed  in  the 
instrum ent so th a t the exposed sk u ll surface was centered against the 
upper head p la te*  The bead was pressed against th is  p late*  making i t  
p o ss ib le  to  e a s ily  in s e r t  the e a r  bars snugly in to  the ex te rn a l aud ito ry  
meatuses* Although i t  is  not necessary to record the readings o f the 
coord inates on the ear bars* i t  is  e s s e n tia l  th a t the readings on e i th e r  
sid e  be equal to  insure exact c e n tra l placement o f the head in  the in s tru ­
ment* The lower head p la te  was then ra ised  in to  position*  The function  of
3 Sodium p en to b a rb ita l
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the upper ana lower head p la te s  was to  prevent d o rso -ven tra l movements of 
the head pivoted on the ear bars* With a l l  thee® ad ju s  t e n t s  mad© and 
tig h te n ed s the e lec tro d e  c a r r ie r  was moved to  the m id -sa g itta l plane* and 
I f  the animal has been p roperly  placed in  the instrument* the e lec tro d e  
when lowered w il l  come to  l i e  d ir e c t ly  above the s a g i t t a l  suture* If  th is  
alignment does not obtain* the animal should be removed from the in s tru ­
ment and the procedure begun again*
When the animal was p roperly  o rien ted  in  the instrum ent the 
e leo trode  c a r r ie r  was moved to  the desired  po in t (one-half or one m il l i ­
meter to  the r ig h t  or l e f t  of toe midi t o ) and the e leo trode was lowered 
to  w ith in  one m illim ete r of the sku ll*  The lo ca tio n  of the p ro jec ted  t r e ­
phine as ind icated  by the t i p  of the e leo trode  was marked w ith  an in d e lib le  
pencil*  This procedure was repeated on the opposite side* The animal was 
then  removed from the instrum ent and b i la t e r a l  t re p in a tio n  of the sk u ll 
a t p rev iously  marked s i t e s  was accomplished u t i l i s in g  the d en ta l d r i l l  
and $6 and #7 d en ta l burrs* Only the bone was pierced  leaving the dura 
m ater and periosteum  of the calvarlum  in tac t*
A ll treph ines were placed in  the antero-m edial area  of the 
p a r ie ta l  bone a t  the angle formed by the coronal and s a g i t t a l  sutures*
So trep h in es could be placed le s s  than one-half m illim eter from the 
s a g i t t a l  su tu re  since rup ture  o f the s a g i t t a l  sinus by the den ta l burr 
in variab ly  re su lte d  when attem pts were mad© to  destroy  areas immediately 
surrounding the th ird  v en tric le*
Customarily* b i la t e r a l  t re p in a tlo n  is  accomplished w ith the 
aaifsal fixed  in  the instrument* The small size  of the hamster coupled w ith  
the g re a tly  reduced working space inside  the ring  of the upper head p la te  
made th is  procedure im practicable* Exact replacement of the animal in  the
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instrum ent was e a s ily  accomplished*
A fter the animal was replaced in  the instrument the in d if fe re n t
e le c tro d e  (cathode) was placed in the anus* I t  was found th a t  th is  region
gave the most constant re s is ta n c e , and variab le  rh eo s ta ts  were dispensed 
w ith  since the anim al’s body gave s u f f ic ie n t  re s is tan c e  to  reduce the 
cu rre n t to  the d esired  amperage# Six one and one-half v o lt dry c e l l  
b a t te r ie s  were assembled in  se r ie s  and connected to  the instrument v ia  a 
m illiam raeter and a switch#
by m anipulation of worm screws the e lec trode  c a r r ie r  was brought 
in to  p o s it io n  and the e lec tro d e  was lowered to  the f lo o r  of the skull#
When s l ig h t  bending o f the w ire was notedc the eleo trode was withdrawn 
u n t i l  the  w ire assumed i t s  s t r a ig h t  condition* U til is a t io n  of the coordi*
n a tes  governing the  dor so lvent r a l  placement of the t i p  of the e lec trode
allowed accurate  placement o f the le s io n s  a t any desired  d istance  above 
the f lo o r  of the b ra in case . Following e le c tro ly s is * the eleotrode was 
withdrawn and a le s io n  was placed on the opposite s ide  a t  the same lo ­
c a tio n . ?b is  procedure was followed with each new animal to  avoid e r ro r  
Introduced by poss ib le  d iffe ren ces  in  sk u ll else*
Current used in  the presen t in v es tig a tio n  was 1 to  4 milllam ps 
fo r 1 second# Longer continuous exposure to  cu rren t caused undesirable 
secondary burning up the course o f the electrode* i f  more extensive burning 
a t  the t ip  of the e lec tro d e  was d e s ired , a s e r ie s  of as many as four one- 
second exposures was employed* Following b i la t e r a l  placement of le s io n s , 
the anim al was removed from the instrum ent and prepared fo r suturing#
?he exposed su rface  of the sk u ll was wiped w ith 70 per cent 
e th y l a lcohol and su lfad iaz in e  was applied to  the periphery  of the wound 
and to  the galea* Sutures were not more than 2, m illim eters apart# I t  was
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noted th a t  by the f i f t h  day a l l  su tu res had been removed by the animal* Ho 
oases of In fec tio n  were noted*
Following placement of le s io n s  and before the animal was returned 
to  i t s  cage, the cage was cleaned and s te r il iz e d *  This was accomplished 
by scrubbing w ith  hot w ater and soap followed by immersion in  S per oent 
Gresylcne4* Animals were observed during the recupera tion  phase fo r any 
abnormal re a c tio n s  which might b© co rre la ted  w ith  the area® involved in  
the d estruc tion*
Vaginal smears of the animal® were examined during a t  le a s t  
three successive e stro u s cycles follow ing placement of le s io n s to  determine 
whether or not any a l te r a t io n  in  cy c lic  a c t iv i ty  had occured# Bach time a 
vaginal smear in d ica tiv e  o f e a tru s  was obtained a  male was placed in  the 
cage and the leng th  of time required by those animals th a t accepted the 
male to e x h ib it lo rd o sis  was noted and recorded* If  the animal refused to  
mate or fought the male, the procedure was repeated hourly u n t i l  vaginal 
estrus no longer was Indicated by smears*
Most animals were k il le d  on the day follow ing the th ird  or 
fo u rth  o r , in  some cases , the f i f th  pa iring*  Death was e ffec ted  by su ffo ­
c a tio n  with e th e r  or by in tra p le u ra l  in je c tio n  of Jtabu ta l*  la  the l a t t e r  
case , death was almost immediate*
Preparation of Brains for B lstolofdoal Study
The b ra in  was removed from the animals in the follow ing manner*
A m id-dorsal In c is io n  was made from the end of the snout to the lev e l of 
the f i r s t  c e rv ic a l vertebra* The two cut edges were deflec ted  la te rad  and
4A saponified  c re sy lio  acid so lu tio n  d is tr ib u te d  by Parke, Davis 
n-nti company , D e tro it, Michigan*
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v en tra l*  This procedure usua lly  removed the eye® from the o rb its  allowing 
easy tra n se c tio n  of the o p tic  nerves, and loosened the  tem poralis raueele 
from i t s  o r ig in  in  the temporal fossa* The o rig in s  of the tem poralis and 
m asseter muscles were severed w ith  a sharp scalpel*  The snout was removed 
by tra n se c tin g  a t  the le v e l of the nasa l bone® w ith heavy sc isso rs*  The 
sk u ll  was re f le c te d  caudad to  the f i r s t  c e rv ic a l nerve and ventrad to  the 
base of the o rb its*  Following removal, the b ra in  was fixed in 10 per oent 
form alin fo r  th ree  days*
A fter p relim inary  f ix a tio n  of the b ra in  in  tot© i t  was trimmed 
In the follow ing manner* A sec tio n  was made in  a transverse  plane about 
3 m illim ete rs a n te r io r  to  the o p tic  chlasma* A second cross sec tio n  was 
made a t  the lev e l o f the in fe r io r  c o l l ic u l l  and passing ventrad through 
the pons* P a ra l le l  sec tio n s in  a s a g i t t a l  plane were made from the 
v e n tra l  surface across the hippocampal gyri© The f in a l  t r im in g  involved 
a f ro n ta l  sec tio n  a t  the lev e l of the a n te r io r  commissure* When the do rsa l 
p o rtio n  of the b ra in  was removed, the habenulae were c le a r ly  v is ib le*  By 
th is  procedure the a rea  of the b ra in  fo r  section ing  and h is to lo g ic a l 
exam ination was lim ited  to  the hypothalamus and a small amount o f  
surrounding tissu e*  This trimmed p o rtio n  was then replaced in  fre sh  10 
per oent form alin  fo r  four days*
The b ra in s  were washed in  running tap  w ater fo r one hour* de~ 
hydrated in  a lco h o l, c leared  in  xylol* and embedded in  F is h e r 's  tissuem at 
{melting po in t 54-56°0). Syracuse watchglaases p re trea ted  w ith  g ly ce rin  
served as embedding dishes*
The b ra in  from each animal was sectioned a t 10 microns and every 
f i f t h  sec tio n  was a ffixed  to  a slide*  An a lte rn a te  s e r ie s  of b ra in  section® 
waa made* One s e r ie s  was sta ined  w ith to lu id in  blue* d if fe re n t ia te d  In 95
per oent e th y l a lco h o l, dehydrated, c le a re d , and mounted In o la r ite #  The 
o th er s e r ie s  was s ta in ed  w ith  Herman*a m odification  o f Beldenhain’s iron  
haemaloxylin (Morgan, 1936)• Kg e a tm te rs ta in  was used w ith e ith e r  se ries#
RESULTS OF ELECTROLYTIC DESTRUOTIOH 
lis ting  Responses
On the Las i s  of the nature of mating response of the animals 
subsequent to  p lac ing  of le s io n s  they may he grouped in to  four 
categories*
Group Is T h irteen  animals refused to  mate or fought the male 
whenever paired* This response obtained even when a vaginal smear 
ind ioative of e s tru s  was exhibited*
Group Ilg Nine anim als perm itted mounting by the male a t  each 
vaginal estrua*  Lordosis was exh ib ited  only when the male had mounted; 
and the female had to  be stim ula ted  by the male before another mount was 
permitted*
Group I l l s  Twenty-two animals fought the male or refused to  allow 
mounting during the  f i r s t ,  or f i r s t  and second p o st-o p e ra tiv e  e s t ru s t but 
exh ib ited  lo rd o s is  and mated on e s tru a l  p a ir in g  th e re a fte r*
Group IV: F if ty - f iv e  animals accepted the males from the f i r s t  
p o st-o p e ra tiv e  e x h ib itio n  of estru s*  In some animals in  th is  group 
lo rd o s is  was exh ib ited  w ith in  twelve hours a f te r  the  le s io n s  were placed*
q£ M q m
Of the one hundred animals used In the p resen t In v es tig a tlo n , 
one died as a  r e s u l t  o f the operation* F if ty -e ig h t animals are included 
in  the cartography the remaining forty-one are entered in  Table 1*
Figure 1 p resen ts  in  cartographic  form the lo ca tio n  of the 
le s io n s  w ith reference to  the nuc le i involved p a r t ia l ly  or wholly in  the 
d e s tru c tio n . The four groups were estab lish ed  on the b asis  of mating 
responses follow ing placement of le s io n s  (see above). The figu re  does not
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include a l l  experim ental animals In Groups 111 and W# se le c tio n  having 
been made on the b a s is  of d iv e rs ity  of lo ca tio n  of the lesions#  a l l  of 
which fa i le d  to  In h ib it the matlag response#
Group It In a l l  cases In which the mating response of the female 
was abolished there  was b i la t e r a l  involvement o f the c e l ls  of the nucleus 
l a t e r a l i s  (b a t* )# In a l l  bu t one of the 15 animals {animal 150) there  was 
b i l a t e r a l  involvement o f the nucleus ventrom edlulls pars l a t e r a l i s  )*
These two areas (Lat» and V«H*L*) appear to  be the only ones th a t can be 
c o n s is te n tly  im plicated since o ther nu c le i were involved Inoonsla ten tly  
o r u n i la te r a l ly  only# The le s io n s  oocured in  a trigone formed by thvs© 
uncleIs nucleus l a t e r a l i s  fL at* ). nucleus ventrom edialis pa rs  l a t e r a l i s  
U M h ik ii and nucleus supraoptious (Sup* )*
Group H i The same two n u c le i were c o n s is te n tly  involved in  the
nine animals of th is  group as in  many animals In Group I# Two a n ira ls
showed only u n i la te r a l  d e s tru c tio n  of cell® of the nucleus ventrem edialIs 
p ars l a te r a l i s *  The same trigone was c o n s is te n tly  involved among these 
animals as in  the animals of Group 1* The n u c le i of the trigone ares 
nucleus l a t e r a l i s * nucleus ventrom edialIs pars la te r a l is *  and nucleus 
supraoptlcus w ith l i t t l e  or no involvement of the la t te r*
Group l l l i  Ho areas except the nucleus l a t e r a l i s  have been 
c o n s is te n tly  involved* This i® the la rg e s t nucleus of the hypothalamus 
of th is  animal* Reference to  Figure 1 in d ica tin g  the sp e c if ic  nu c le i 
Involved* and to  the photographs of these nuc le i (Figures 3~8) Ind ica tes 
th a t  the le s io n s  in  th is  group were qu ite  sc a tte red  from the r o s t r a l  
(Figure 12) to  the caudal (Figure 13) boundaries of the hypothalamus,
Group X?s Many of the le s io n s In these animals were located  In
the a n te r io r  p a r t  o f , or a n te r io r  to* the hypothalamic area (compare
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F igures 4 and 12)« The looat ion of the les io n s  of the la s t  th ree  animals 
presen ted  in  Figure 1 (168, 169, 178) is  ty p ic a l of many of the animals 
in  th is  group ( i« e , the 2 irr^ortant nu c le i were included only occasion­
a lly )#  (The fig u re  rep re sen ts  only 18 of the 88 animals in  th is  group? 
the remaining 37 animals are presented in Table 1)
In g en e ra l, le s io n s  placed in  non-homologous a reas of the two 
sid e s  o f the hypothalamus (Figure 11) (i#e» asymmetrical le s io n s )  re su lted  
in  uniform ly p o s itiv e  mating re a c tio n s , n ineteen such esses osoured*
These anim als accepted the males and mated w ith the a la c r i ty  as before 
the le s io n s  were p laced , Clark (1942) s ta te d  th a t u n i la te ra l  lee  Ions in  
the a n te r io r  hypothalamus fa i le d  to  abo lish  the sexual behavior of male 
r a t s ,  IJo attem pt was made to p lace les io n s  In one side only since the 
fin d in g s o f previous au thors seemed to d e f in i te ly  ind ica te  the ineffioaoy  
of such procedures.
I t  was almost impossible to  destroy  completely a l l  of the c e llu ­
la r  consonants of any s in g le  nucleus w ithout ab la tin g  a t  le a s t  p a r ts  o f 
ad jacen t n u c le i.  In a l l  oases, attem pts were made to  r e s t r i c t  the de­
s t ru c t io n ,  Because of the aim to  be r e s t r ic te d ,  su b to ta l d e s tru c tio n  of 
many o f the nu c le i re s u lte d . In the case of some of th© sm aller n u c le i 
complete a b la tio n  of tbe c e l ls  was accomplished* Figure 1 and Table I  
a re  not intended to  suggest complete d e s tru c tio n  of a l l  n u c le i l is te d  
but ra th e r  th a t some p a r t  of the nucleus was involved. The following 
n u c le i were not b i la te r a l ly  involved in any of the animals? nucleus 
f i l l f o rm ls  p a rv o o e llu la ris  (F1JU£»_), nucleus p e r iv e n tr ic u la r is ,  a n te r io r  
d iv is io n  f P*A*), nucleus m sm llla r ie  p o s te r io r  (M«p, )f nucleus hypo- 
thalamiouo p o s te r io r  (P o s t , )» and the nucleus supram aamUlarls (Sqm,),
The n u c le i raanaaillaria p o s te r io r  and s^pramammlllaris were not involved
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in  any of the lesions*
The ro»tro~aaudal dimension of the le s io n s  could not be calcu­
la ted  more accu ra te ly  than w ith in  60 microns since every f i f t h  10-micron 
se c tio n  was a ffixed  to  a slide*  The o ther two dimensions were ca lcu la ted  
w ith  the use of an ocular micrometer* The volume destroyed by sing le  
le s io n s  ranged from 0*004 cubic m illim eters to 3*60 cubic m illim eters*
Kb c o rre la tio n  could be made between th© sis© of the les io n  and the 
mating response*
The range in  siae  of ind iv idual les ions in each of the four 
groups was as follows* In the th ir te e n  cases in  which the animals fought 
or refused to  allow the male to  mount desp ite  an estrous smear (Group I) 
the volume o f the les io n s  ranged from 0*072 to  2*60 cubic m illim ete rs  
w ith an average volume of d e s tru c tio n  equal to  0*650 cubic m illim eters*
In the nine animals in  which mating was to le ra te d  without normal lo rd o sis  
(Group I I )  th© volume of the les io n s ranged from 0*061 to 1*316 cubic 
m illim e te rs  v/ith an average volume of 0*451 cubic m illim eters*  In Group 
I I I  which included those animals which exhib ited  negative mating responses 
fo r the f i r s t  or f i r s t  and second p a irin g s  the range was from 0*019 to  
3*60 cubic m illim e te rs , the average being 0*403 cubic m illim eters*  In 
Group IV (those animals 7rtiioh mated or exhib ited  lo rd o sis  from the f i r s t  
e s tru s )  the volume of d e s tru c tio n  ranged from 0*004 to 1*449 cubic m i l l i ­
meters* Here the average destroyed volume was 0*200.
Following placement of le s io n s , twelve animals remained acyc lic  
fo r leng ths of time varying from 4 to  14 days* Gome of these acy c lic  
anim als presented an extended d lee trous smear, while o thers remained In 
constan t estru s*  during the acyc lic  cond ition , the animals refused to  
mate* All but one of these animals (#116) f in a l ly  returned to  a normal
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c y c lic  condition# Three of these animals p e rs is te d  in  refusing  to  mate# 
and were placed in  Group Is two were f in a l ly  placed in  Group IIs and 
seven are included in  Group IXI#
ANCILLARY OBSERVATIONS
Pseudopregnancy was induced in  these animals in  a sce rta in in g  
th e i r  w illin g n ess  to  mate before le s io n s  were placed* Actual mating with 
a s t e r i l e  male was allowed In the f i r s t  67 animalsg lo rd o s is  wa© used as 
the  o r l te r io s  fo r w illin g n ess  to  mate in  the remaining $58 animals* In some 
o f the former casess mating w ith a s t e r i l e  buck was allowed on more than 
one occasion .
An extended d le s tro u s  in te rv a l resu lted  from these  matings in 
97*4 per cen t of the t r ia ls *  This is  In agreement with the find ings of 
White (1949) who reported  96 per cent in  25 t r i a l s  and of Be&nesly (1938) 
who reported  100 p er cent In 22 attempts* To determine the du ra tion  of 
th i s  condition* a t le a s t  two c r i t e r i a  can he used* In an e a r l ie r  paper 
(White* 1949)* the nature of the vag inal smear was the c rite r io n *  The 
sudden in flu x  of leucocytes and e p i th e l ia l  c e l ls  (early  d iestru s*  Kent 
and Smith* 1945) was considered as in d ica tiv e  of an e a r l ie r  term ination  
o f the condition* Using vag inal smears concomitant w ith the ex h ib itio n  of 
lo rd o s is  or* i f  lo rd o sis  did not obtain* using early  dlesjtru® the follow­
ing day as the c r i te r io n  fo r determ ining the term ination  of the condition* 
the d u ra tio n  of pseudopregnancy was found to  be from 7 to  10 days (one 
animal ex h ib itin g  a 7 day cycles f i f te e n  an 8 day cycles six ty-tw o a 
9 day cycle? and one a  10 day cy c le ) . Using as the c r i te r io n  the exhi­
b i t io n  of lo rd o s is  follow ing one or more days in  which xmiringe re su lted  
in  re fu s a l  by the female the du ra tion  of the condition  was found to  be 
from 7 to  9 day® (one ex h ib itin g  a 7 day cycle? f i f te e n  an 8 day cycle?
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and fo rty -n in e  a 9 day oj^ole)« In these l a t t e r  cases, only those animals 
which refused to  accept the male the day preceding the ex h ib itio n  of 
lo rd o s is  are included* This accounts fo r the d iffe ren ce  in  the number of 
cases reported* I t  Is  not known what the mating responses of the o ther 
females might have been i f  extensive p a irin g s had been attempted* W illing­
ness to  mate, and not m an ifesta tion  of pseudopregnancy, was of fo ca l In te r­
e s t  in  the p resen t in v e s tig a tio n  and extensive p a irin g s  were not attempted*
S W w A X a L  s t  B aa te i f lm fttt,
Using the d e sc rip tio n s  and fig u res presented by Krleg (1932) I t  
was possib le  to  make d ir e c t  comparisons between the nuclear p a tte rn s  of 
the r a t  and golden hamster* A s tr ik in g  s im ila r ity  was noted between the 
hypothalami of these two animals* ITot only do the nu c le i occupy the same 
p o s itio n  and have the same re la tio n s  in  these two forms, but the onto­
lo g ic a l  s tru c tu re  of the c e l lu la r  components of homologous nuc le i may be 
considered id en tica l*
In p rep a ra tio n  fo r  th is  study, a l l  of the nuc le i and th e i r  sub­
d iv is io n s  described by Krieg were studied in  the b ra in  of the r a t ,  and 
were then compared w ith those of the hamster* In the l a t t e r  animal some 
of the nuc le i are not as e a s ily  d is tin g u ish ed , The nucleus preoptieu® Is 
a ra th e r  d iffu se  group of c e l l  bodies, but has the same p o s itio n  and 
re la tio n s  as th a t of the r a t ,  The nucleus fillform i®  (p& raventricularl®  
of o ther forms) seems to  be more compact and compressed l a te r a l ly ,  and 
more r e s t r ic te d  in  i ta  e x te n t, with g rea te r interm ingling of the p a rte s  
magnocellularl® e t p a rv o ce llu la ris*  Cytologica! evidence based on the 
d is t r ib u t io n  of I /is s l substance along with the shape and density  of 
s ta in in g  made the d iv is io n  of th is  nucleus in to  i t s  two components possib le*
The ventrom edial complex* composed of five  subdivisions* has been id e n ti­
fied*  ^gain* as in  the foriser oases* some of the components were separated 
w ith  d if f ic u lty *  The p a r te s  m edialla , c en tra lis*  and l a t e r a l i s  are more 
compressed la te r a l ly  than in  the rat*  and are not as in d iv id u a lly  
d is t in c tiv e #  The pars p o s te r io r  does not ex h ib it such a strong  dorso­
l a t e r a l  and v en tro -n ed ia l f la t te n in g  as in  the rat*
Krieg employed th ree  planes of section* transverse*  fron tal*  
and sa g itta l*  Several s ta in in g  techniques were esployed to  determine the 
course of the f ib e r  connections* In the p resen t paper comparisons of the 
nuclear patterns of the two forms are based on h is to lo g ic a l examination 
of to lu id in  blue s e r ie s  in  transverse  sec tion  only*
DISCUSSION
les io n s  varied  in  s ize  according to  the  s tren g th  and d u ra tio n  
o f the adm inistered cu rren t and the gauge of the e lectrode  used* Long 
continuous exposures to  e le c t ro ly t ic  s tim u li re su lted  in  secondary 
■burning up the course o f the e lectrode*  Varying degree© of se v e rity  of 
th is  cond ition  were noted* In some cases secondary burning was n e g lig ib le  
and normal c e l l  bodies could be seen adjaoent to  the e lectrode  path 
(Figure 11) which# in  these instances# was recognizable only by the 
accum ulation of g i t t e r  c e lls*  The burning was thought to  be due to  over­
heating  of the high re s is tan c e  nichrome wire used fo r e lec tro d es ra th e r  
than to  inadequate in su la tion*  Large les io n s  do rsa l to  the hypothalamus 
were used as c o n tro ls  by o ther au th o rs , and i t  Is apparent from the d a ta  
th a t  th is  secondary burning through the thalam ic a rea  was not e ffe c tiv e  
in  a l te r in g  the mating response of these animals*
I t  Is believed th a t  the ex ten t of the les io n s  enployed herein 
cannot be c o rre la ted  w ith the mating response since a les io n  as sm all as 
0*072 cubic m illim ete rs  re su lted  in  re fu sa l to mat© and th is  figu re  is  
f a r  below the average fo r any of the other groups, This le s io n , located 
in  the trigone bounded by the nuc le i la te r a l is *  ventrom edialls pars 
l a t e r a l i s ,  and supraopticus was in  what may be considered from the da ta  
to  be a c r i t i c a l  area*
Those animals of *roup I I I  (l*e* those animals which refused to  
mate a t  the f i r s t ,  or f i r s t  and second estru© but mated ©ubaequently) 
very possib ly  rep resen t a  group which reacted  tem porarily to  the o p e ra tio n . 
Furthermore# i t  is  known th a t re fu sa l to  mate is  not uncommon among
normal fem ales, and i t  is  possib le  th a t i n i t i a l  fa ilu re  to  mate was
2©
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a tt r ib u ta b le  to the absence of psychic heat d esp ite  the m an ifesta tion  of 
vag inal heat* I f  the procedure had been repeated hourly , a p o s itiv e  mating 
re a c tio n  might have been obtained the f i r s t  n igh t of attem pted mating in  
many of these oases* This conclusion is  based on the extensive experience 
o f our lab o ra to ries*
The le s io n s  of a l l  animals th a t refused to  mate were s itu a te d  
in  the trigone* In a l l  oases* a t le a s t  a few of the more medial c e l l s  o f 
the  nucleus l a t e r a l i s  were included in  the d e s tru c tio n  although the 
amount of c e l lu la r  d e s tru c tio n  was minor when compared to  the g re a t bulk 
o f th is  nucleus* The n u c le i l a t e r a l i s  and ventrom edialis pars l a t e r a l i s  
are c o n s is te n tly  involved in  the les io n s  of animals in  Groups I and II  
because of the ju x ta p o s itio n  o f these  nuclei* Figure ? shows the re la tiv e  
p o s it io n  of each* Because of the presence d o rsa lly  of the s a g i t t a l  sinus* 
no method could be devised to  p lace les io n s c lo se r than 1 m illim ete r from 
the midline* D estruction  of the nucleus ventrom edial is  w ithout including 
the more medial p o rtio n  o f the nucleus l a t e r a l i s  was th e re fo re  not 
possib le*  The nucleus supraopticus was included In the d e s tru c tio n  only 
when the  e lec tro d e  reached the hypothalamic f lo o r .
Because of the c o n s is ten t p o s itio n  of the les io n s in  Groups I 
and I I  between the th ree  n u c le i bounding the trigone* and since re la t iv e ly  
few c e l ls  are involved* i t  would appear th a t the c e l l  bodies of these 
nu c le i could not be responsib le  fo r  a lte r in g  the mating responses o f these 
anim als. I t  seems log ical*  therefore* to assume th a t an in te rru p ted  f ib e r  
t r a c t  coursing through the v e n tra l p o rtion  of the hypothalamus may have 
been responsible* I t  may be th a t  the responsib le  nucleus or nu c le i 11© 
a n te r io r  to  th is  sit© and th a t In terrup ted  e ffe re n t pathways to  lower 
le v e ls  of the b ra in  stem are responsible fo r the a lte re d  mating responses*
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ex is ten ce  of f ib e r  t r a c ts  descending from the hypothalamus 
and term inating  in  the r e t ic u la r  substance have been reported  in a maxriber 
o f an im als. System atic d e s tru c tio n  of small a reas of the medulla followed 
by b ip o la r  s tim u la tio n  of the hypothalamus a lte re d  blood p ressu re , re s p i­
r a t io n . and knee je rk  re f le x  in  the cat (Thompson and Bach. 1950}• 
in te rru p tio n  of the medial in h ib ito ry  r e t ic u la r  form ation in  the medulla 
enhanced hypothalamic f a c i l i t a t i o n  of these responses* In te rru p tio n  of the 
d o rso la te ra l f a o i l i t a t lv e  r e t ic u la r  form ation re su lted  In depression  or 
a b o li t io n  of these responses* Orosby and Woodburne (1951) described de­
scending pathways from the hypothalamus of the macaque monkey. Using the 
Weil method, they located two pathways which may be o f s ig n ifican ce  In the 
p resen t work* A p o s te r io r  hypothalame-tegmental t r a c t  passes from the 
nucleus ventrom edialis and perhaps from the d o rsa l border of the p o s te r io r  
hypothalamic area* A fter p a r t i a l  decussation  in  the aupramammillary area 
i t  e n te rs  the nucleus mesencephalicus profundus. Another pathway, the 
d o rsa l hypothalamo-tegmental t r a c t ,  courses from the ventrom edial area to  
a  p o s it io n  d o rsa l to  the red nucleus. This t r a c t  a lso  e n te rs  the nucleus 
mesencephalicus profundus pars d o rsa lis  and some of the f ib e rs  may e n te r 
the I n t e r s t i t i a l  nucleus of the medial lo n g itu d in a l fascicu lus*  itorin (1950) 
showed sh o rt f ib e rs  from the p e r iv e n tr io u la r  system of the guinea pig 
ending in  the nucleus tegm entl profundus*
Brookhart, Bey and Hanson (1941) found th a t ,  in  ovariectomized 
guinea p igs with les ions in the a n te r io r  hyp°^^alarnU8® proems--vial and 
e s t r u a l  behavior could not be lnduccu by In jec tio n  of ovarian hormones 
alone or In combination with p i tu i ta ry  hormones, fa i lu re  of these animals 
to mate indicated th a t e ffe re n t f ib e rs  emanating from or coursing through 
the hypothalamus might have been in te rru p te d .
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reference to Figure  1 w ill  reveal th a t le s io n s in  three animals 
of Group I I I  (120* 148s arid 156}* and two In Group I? (1&& and 165) were 
in  the general a rea  of the trigone# However* the lesions were In the 
extreme cephalic  or caudal pole of the trigone only® B i la te ra l  lets Sons in  
the hypothalamus a n te r io r  or p o s te r io r  to  the t r  1 ’one had no e f fe c t  in 
a l te r in g  the mating response of these animals® 1'hese observations ind ica te  
th a t such regions are not d ire c tly  involved In m ediating responses 
concerned w ith mating®
During the course of the investigation*  severa l problems for 
subsequent resea rch  have arisen® E le c tro ly tic  le s io n s  in  the trigone of 
ovarieotom ised hamsters should be followed by in je c tio n  of progesterone 
in to  the l a t e r a l  b ra in  v e n tr ic le  to  a sc e r ta in  whether or not the r e s u l ts  
of Kent and Liberman (1949) can be repeated under the new cond itions.
Although i t  is  possib le  th a t  f ib e rs  coursing from the hypo- 
thalamus to  the neocortex may have been a ffec ted  in  the p resen t experi^  
aentg ra th e r  than  those descending in  the b ra in  stem* the few experiments 
concerned w ith  d e c o rtic a tio n  and mating in  o ther animals reduce the 
p ro b a b ility  of such a pathway® However* another in v e s tira tio n  should be 
undertaken to  a sc e r ta in  the o r ig in  and term ination  of f ib e r  t r a c ts  
in te rru p ted  in  the p resen t study®
Females with sm all hypothalamic lesions in  th is  c r i t i c a l  area 
might a lso  be observed fo r possib le  a lte ra t io n s  in ovulatory cycles* 
conception* d e liv e ry  and m aternal behavior.
dUSMrlY
1® The n u c le i of the hypothalamus of the female hamster have been found
to  be comparable to  those of the rat®
2® E le c tro ly tic  le s io n s  were placed In various lo ca tio n s in  the hypo­
thalamus of 100 mature female golden hamsters* One died as a r e s u l t  of 
the  operation*
3® B ila te r a l ly  symmetrical les ions placed in  a trigone bounded by the 
n u c le i l a t e r a l i s ,  ventromedial!® pars la te ra l is *  and supraopticus were 
e ffe c tiv e  In abo lish ing  mating a c t iv i ty  in  the hamster*
4® Lesions placed a n te r io r  or p o s te r io r  to  th is  trigone were in e ffe c tiv e
in  a l te r in g  the normal mating responses in  these animals*
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Figure 1 -  Cartograph showing lo ca tio n  of e le c t ro ly t ic  
les ions w ith respect to nuclear involvement• $ote c o n sis ten t Involve­
ment ̂  In Sroups I and J I 8 of an area  including n u c le i l a t e r a l i s  and 
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Table I  -  Chart showing lo ca tio n  of le s io n s  in  forty -one a d d itio n a l animals 
o f Groups I I I  and IV* Nuclear involvement i s  ind ica ted  by nx " . No d is t in c t io n  i s  made 
between u n i la te r a l  and b i la t e r a l  destruction*  Those nu c le i in  which no d e s tru c tio n  was 
noted on e i th e r  s id e  have been om itted .
39
Figure 2 -  3oale drawing© of mod i f io a t  ions of the Horsley- 
Clarke s te reo tax ic  instrument fo r  use on the hamster® X 1 
A* Upper head plat©
3* Umar head p la te  (v e r t ic a l  columns removed)
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M O D I F I C A T I O N S  FOR T HE HOR SLE Y -  CL ARKE I N S T R U M E N T
40
Figure 3 -  Cross se c tio n  of the v e n tra l p o rtio n  of the
diencephalon through the p reo p tic  regions X 20
Figure 4 -  Crosa sec tio n  through the a n te r io r  p o rtio n  of 
the h;/pothalaraus showing re la tiv e  xjooitions of hypothalamic nuc le i 
of the in ta c t .animal* X 20
Figure 5 -  Cross se c tio n  of the hypothalzuuus of an In ta c t
animal at a more caudal le v e l showing lo c a tio n  of n u d e l*  X 20
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Fi g u r e  5
Figure 6 -  Cross se c tio n  of the hypothalamus a t the lev e l of 
the cephalic pole of the ventrom edial complex rfh© nucleus
supraopticus not? occupies a p o s itio n  at the hypothalamic floor*  X 20
Figure 7 -  Cross se c tio n  of the hypothalamus a t the lev e l 
of the t r i ro n s  1Lat e $ V* 311* Ij* $ and 3up*), X 20
Figure 8 -  Gross sec tio n  of the caudal hypothalamus through 
the mamnillary and premanmlllary areas* X 20
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Figure 9 -  Cross se c tio n  of the hypothalamus a t the le v e l 
of the trigone showing c r i t i c a l l y  placed lesions*  r'ote d e s tru c tio n  of 
the nucleus supraopticus on the l e f t  side only , /o r  p o s itio n s  of 
nuclei of the trigone 3ee Figure 7. X 20
Figure 10 -  Cross sec tio n  of the hypothalamus a t the lev e l
of the tr ig o n e , fym aetrioally  b i la t e r a l  le s io n s  involved the th ree  
nu c le i bounding the trigone on e i th e r  side® X 20
Figure 11 « Cross se c tio n  of the hypothalamus a t  the lev e l
of the  trigone  showing aoyntnetric&lly b i la t e r a l  le s io n s . The r ig h t 





Figure IS -  Oross se c tio n  of the a n te r io r  hypothalamus 
showing small sym m etrically b i l a t e r a l  lesions* For p o s itio n s  of the 
nuclei* see Figure 4« X 20
Figure 10 -  Cross se c tio n  of the p o s te r io r  hypothalamus 
showing syw aetriea lly  b i l a t e r a l  lesions*  io r  p o s itio n s  of the nucle i 
involvea in the ciestruction* see Figure 8® X 20
Figure 12
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